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© A perfusion-type dilatation catheter which can be 
rapidly exchanged for another catheter without the 
need for exchange wires or guidewire extension 
wires. The dilatation catheter has an elongated cath- 
eter body with a distal guidewire port in the distal 
end of the catheter and a proximal guidewire port at 
least 10 cm but not more than 50 cm from the distal 
port. The catheter body has a first inflation lumen 
which extends from the proximal end of the catheter 
body to the interior of a dilatation balloon adjacent 
the distal end of the catheter body. A second, much 
shorter inner lumen is disposed between the proxi- 
mal and distal guidewire ports and is adapted to 
slidably receive a guidewire. A plurality of perfusion 
ports are provided both proximal and distal to the 
balloon which are in fluid communication with the 
second inner lumen so that when the balloon is 
inflated within a patient's vascular system, blood will 
flow through the proximal perfusion ports and the 
second inner lumen and out the distal perfusion 
ports to minimize ischemic conditions distal to the 
catheter. A stiffening member is disposed within the 
catheter body proximal to the proximal guidewire 
port to provide improved pushability. 
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READILY EXCHANGEABLE PERFUSION DILATATION CATHETER 



BACKGROUND OF THE INVENTION 

This invention generally relates to a dilatation 
catheter for angioplasty procedures such as per- 
cutaneous transluminal coronary angioplasty 
(PTCA). 

In PTCA procedures, a dilatation catheter hav- 
ing an inflatable, relatively inelastic balloon on the 
distal end thereof is advanced through a patient's 
arterial system until the balloon crosses the athero- 
sclerotic lesion to be dilated. The balloon is inflated 
to a predetermined size with radiopaque liquid at 
relatively high pressures (e.g., 8 atmospheres) to 
dilate the stenotic region and then the balloon is 
deflated so that the catheter can be removed and 
blood flow resumed. 

Usually a guiding catheter having a preformed 
distal end is first percutaneously introduced into 
the patient's arterial system and advanced therein 
until the distal tip of the guiding catheter is dis- 
posed in the appropriate ostium of the patient's 
coronary artery. A guidewire is preloaded within a 
dilatation catheter and both are advanced through 
the previously positioned guiding catheter to the 
distal end thereof. The guidewire is first advanced 
out of the guiding catheter into the patient's coro- 
nary anatomy until the distal end of the guidewire 
crosses the stenotic region to be dilated. The di- 
latation catheter is then advanced over the 
guidewire, with the guidewire slidably disposed 
within an inner lumen of the catheter until the 
inflatable balloon is positioned within the stenosis. 
The balloon is inflated to a relatively high pressure 
to dilate the stenosis and then deflated and re- 
moved over the guidewire. For a detailed descrip- 
tion of procedures, reference is made to U.S. Pat- 
ent No. 4,332,254 (lundquist), U.S. Patent 
4,323.071 (Simpson-Robert), U.S. 4,439,1 85 
(Lundquist), U.S. Patent 4,468,224 (Enzmann et 
ah), U.S. 4,51 6,972 (Samson), U.S. Patent 
4,538,622 (Samson et aJ.), U.S. 4,554,929 (Samson 
et al.), U.S. Patent 4,569.347 (Frisbie). U.S. Patent 
4,571,240 (Samson et al.). U.S. Patent 4,638,805 
(Powell), U.S. Patent 4,748,982 (Horzewski et al.). 
all of which are hereby incorporated herein in their 
entirety by reference thereto. 

Efforts have been made to develop dilatation 
catheters which perfuse blood through an inner 
lumen of the catheter which traverses the interior of 
the balloon when the balloon is inflated during 
angioplasty procedures in order to avoid ischemic 
conditions distal to the inflated balloon. For exam- 



which are incorporated herein by reference thereto. 
See also, U.S. Patent 4,581,017 (Sahota). However, 
these perfusion dilatation catheters generally have 
relatively large deflated profiles and as a result 

s they frequently are not employed in those situ- 
ations where the stenoses to be treated are deep 
within the patient's coronary anatomy. 

Additionally, in instances where there is an 
acute or sudden blockage of the arterial passage- 

70 way after dilatation of a stenotic region, conven- 
tional dilatation non-perfusion type catheters must 
first be removed from the patient before a 
perfusion-type dilatation catheter can be advanced 
over the guidewire in place within the patient. Usu- 

75 ally, such catheter exchanges require the use of an 
exchange wire or extension wire such as described 
in U. S. Patent 4,827,941 (T aylor et al.), which can 
add considerable time and complexity to a proce- 
dure frequently performed under emergency con- 

20 ditions. 

What has been needed and heretofore unavail- 
able is a perfusion-type dilatation catheter which 
can quickly and easily be introduced into a pa- 
tient's arterial system and which has sufficient 

25 pushability to be advanced deep within the pa- 
tient's vasculature. The present invention satisfies 
this need. 
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SUMMARY OF THE INVENTION 



Disclosed herein is a vascular catheter having 
an expandable member on the distal end thereof 
and a relatively short inner lumen therein extending 
in a distal portion of the catheter body between a 

as distal guidewire port and a proximal guidewire port 
about 10 to about 50 cm proximal from a distal 
guidewire port and perfusion ports in the wall of the 
catheter body in fluid communication with the short 
inner lumen between the proximal guidewire port 

40 and the distal guidewire port in the distal end of the 
catheter body; the vascular catheter being advan- 
ceable over a guidewire slidably disposed within 
the relatively short inner lumen the expandable 
member on the vascular catheter being expandable 

4S to at least partially occlude a blood vessel at the 
location causing blood to flow through the proximal 
perfusion-ports and the second inner lumen and 
out the distal perfusion ports; the expandable mem- 
ber being contractible to facilitate removal of the 

so catheter from the patient 

The present invention is directed to a dilatation 
catheter which can be readily exchanged without 
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a vascular procedure is being performed within the 
blood vessel which otherwise blocks the flow of 
blood through. 

A catheter in accordance with the invention 
generally has an elongated catheter body with an 
inflatable, relatively inelastic balloon near the distal 
end thereof. The catheter body has a first elon- 
gated inner lumen extending from the proximal end 
of the catheter body to the interior of the inflated 
balloon near the distal end thereof to deliver infla- 
tion fluid to the interior of the balloon. A second, 
much shorter inner lumen extends within the distal 
portion of the catheter body between a proximal 
guidewire port and a distal guidewire port provided 
in the distal end of the catheter body. The distal 
guidewire port is in the very distal tip of the cath- 
eter body and the proximal guidewire port is at 
least 10 cm but not more than about 50 cm from 
the distal guidewire port. The second, much shorter 
lumen within the catheter body is adapted to 
slidably receive a guidewire to facilitate the ( ad- 
vancement of the catheter over the guidewire into 
the patient's coronary anatomy. 

At least one proximal perfusion port is provided 
in the catheter body between the proximal 
guidewire port and the proximal end of the balloon 
and at least one distal perfusion port is provided in 
the catheter body between the distal end of the 
balloon and the distal end of the catheter body. 
Both the proximal and distal perfusion ports are in 
fluid communication with the second smaller lumen 
disposed within the catheter body so that blood 
flows distal to the catheter when the balloon is 
inflated during the vascular procedure. The num- 
ber, size and location of the perfusion ports can be 
varied depending upon the blood flow required, the 
si2e of the catheter and the size of the inner lumen. 
Typically, there may be 6 to 20 perfusion ports 
proximal to the balloon and about 4 to 12 perfusion 
ports distal to the balloon. In a preferred embodi- 
ment 1 0 ports are provided proximal to the balloon 
and 8 are provided distal to the balloon. 

The proximal "end of the catheter body is pro- 
vided with an adapter with at least one arm for the 
delivery of inflation fluid from a high pressure 
source thereof such as a syringe to the first inner 
lumen leading to the interior of the balloon for 
inflation purposes. ^ 

Preferably, the catheter wall which defines at 
least in part the second, smaller lumen disposed 
within the catheter body is provided with a slit 
which extends from the proximal guidewire port to 
a location proximal to the section containing the 
proximal perfusion ports. The purpose of this slit as 
described in U.S. Patent 4,748.982 (Horzewski et 



catheters can be exchanged. 

The portion of the elongated catheter body 
proximal to. the proximal guidewire port is provided 
with a stiffening member such as a rod or wire 

5 which increases the pushability of the catheter and 
thereby allows for more distal advancement of the 
catheter into the patient's coronary anatomy than 
previous perfusion-type catheters. 

In the performance of an angioplasty procedure 

io utilizing the catheter assembly of the invention, it is 
preferred to preload the guidewire within the sec- 
ond smaller lumen of the catheter with the distal tip 
of the guidewire extending out of the distal tip of 
the catheter, and then advance the combined as- 

75 sembly through a guiding catheter previously dis- 
posed within the patient's vasculature with the dis- 
tal tip of the guiding catheter disposed with the 
ostium of the patient's coronary artery. The 
guidewire is first extended out of the distal end of 

20 the guiding catheter into the patient's coronary 
artery until the distal tip of the guidewire crosses 
the stenotic region to be dilated. The dilatation 
catheter is then advanced out of the guiding cath- 
eter over the guidewire until the balloon on the 

25 dilatation catheter is positioned across the stenosis. 
The balloon is then inflated with the radiopaque 
liquid as conventionally practiced to dilate the 
stenosis. 

An alternate procedure which has been found 
30 suitable comprises first advancing the guidewire 
through the guiding catheter and into the desired 
location within the patient's coronary anatomy and 
then mounting the dilatatiorr catheter of the inven- 
tion on the proximal end of the guidewire and 
3$ advancing the catheter over the wire to the desired 
location within the patient's coronary arteries. 

When the balloon is inflated, it occludes the 
artery and blocks normal blood flow therethrough. 
However, blood flows through the proximal perfu- 
40 sion ports, through the smaller second lumen, and 
then out the distal perfusion ports and the distal 
guidewire port located in the catheter body distal to 
the balloon. To maximize blood flow through the 
second lumen, it is preferred to withdraw the 
45 guidewire sufficiently from the dilatation catheter so 
that the distal portion of the guidewire remains in 
the second lumen but proximal to the portion of the 
second lumen between the proximal and distal 
perfusion ports. When the dilatation has been corn- 
so pleted, the guidewire can then be advanced back 
through the second lumen and out the distal end 
thereof so that it crosses the stenosis; 

In the event of an abrupt reclosure when the 
dilatation catheter is deflated, such as from a dis- 
ss sected lining, the balloon can be inflated in the 
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*=od to allow the dissected lining to be resecured 
he blood vessel wall by natural healing or to 
w for surgical procedures to be initiated to 
"ect the abrupt reclosure, such as bypass sur- 

"V. 

Should the catheter in place need to be re- 
~ed with another catheter, for example when the 
»ted diameter of the balloon on the catheter in 
-:e is too small to completely dilate a stenosis, a 
-ond catheter should then be inserted to com- 
*e the dilation. In this instance, the catheter of 

invention can be readily replaced by holding 
*o the guidewire extending out the proximal end 
he guiding catheter and pulling on the dilatation 
•>>eter to remove it from the patient A second 
Nation catheter of essentially the same construc- 
■ but with a larger diameter balloon may then be 
; jnted on the proximal end of the guidewire and 
n advanced over the guidewire into the stenosis 
•urther dilation. 

A similar situation arises when a second 
-osis distal to the first stenosis needs to be 
*ed and the balloon on the catheter used to 
*e the first stenosis is too large for the distal 
^on. The same procedures may be followed to 
•^nce a catheter having a smaller balloon to the 

e distal stenosis. 

The dilatation catheter in accordance with the 
*ent invention can be advanced deeply within 

patient's vascular system, much further than 
•r perfusion catheters due to the increased 
^ability of the catheter. Thus, the catheter of 

oresent invention allows for the long-term di- 
^on of stenoses which the prior perfusion oath- 
's were unable to reach. Additionally, when a 
•eter in accordance with the present invention 
•is to be replaced with another catheter, such 
: -3ter exchanges can be quickly and very easily 
formed without the need for exchange wires or 
=*nsion wires required with the prior art dilatation 
Meters. These and other advantages of the 
-ent invention will become more apparent from 
following detailed description thereof when tak- 

>n conjunction with the attached exemplary 
"ings. 

_f_F DESCRIPTION OF THE DRAWINGS 
: *6URE 1 is an elevational view partially in 
action of a dilatation catheter embodying fea- 
res of the invention; 

SURE 2 is a transverse cross-sectional view 
ken along the lines 2-2 shown in FIGURE 1; 
: GURE 3 is a transverse cross-sectional view 
ken along the lines 3-3 shown in FIGURE 1; 
GURE 4 is a transverse cross-sectional view 



FIGURE 6 is a transverse cross-sectional view 
taken along the lines 6-6 shown in FIGURE 1; 
and 

FIGURE 7 is a longitudinal, center line, cross- 
5 sectional view taken through the transition re- 
gion of the catheter shown in FIGURE 1 illustrat- 
ing the extension of the guidewire through a 
proximal guidewire port and into an inner lumen 
of the dilatation catheter. 
70 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a vascular 
catheter 10 having a elongated catheter body 11 
with an inflatable balloon 12 near the distal end 

75 thereof. A first inner lumen 13 extends through a 
substantial portion of the catheter body 1 1 and is in 
fluid communication with the interior of the balloon 
12. An adapter 14 is provided at the proximal end 
of the catheter body 11 which is in fluid commu- 

20 nication with the first inner lumen 13 to direct 
inflation fluid from a high pressure source such as 
a syringe pump (not shown) to the interior of bal- 
loon 12. 

A second lumen 16 is provided in a distal 
25 portion of the catheter 1 0 which remains within the 
patient during angioplasty or other vascular proce- 
dures. The second lumen 16 is much shorter than 
the first lumen and extends between a proximal 
guidewire port 17 and a distal guidewire port 18 
30 which is located at the distal tip of the catheter 
body. The proximal guidewire port 17 is located 
about 10 to about 50 cm, preferably about 12 to 
about 40 cm, from the distal guidewire port 18. 
During the angioplasty procedures, the guidewire 
35 20 rs slidably disposed within the second inner 
lumen 16. 

Proximal perfusion ports 21 are provided in the 
catheter body 11 between the proximal end of the 
balloon 12 and the proximal guidewire port 17 and 

40 distal perfusion ports 22 are provided between the 
distal end of the balloon and the distal end of the 
catheter body 11. Perfusion ports 21 and 22 pass 
through the wall of the catheter body 11 which 
defines at least in part the second inner lumen 16 

4$ and therefore are in fluid communication therewith. 

The guidewire 20 generally includes a core 
member 23 and a flexible body such as a helical 
coil 24 on the distal portion of the core member. A 
rounded plug 25 is provided at the distal tip of the 

so core to prevent traumatic engagement with the 
arterial lining. During angioplasty or other vascular 
procedures, the proximal guidewire port 17 remains 
within the guiding catheter, and the core member 
23 of the guidewire 20 extends out of the proximal 

55 guidewire port and runs generally parallel to the 
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. ; men 27 provided in the catheter body 11 proxi- 
mal to the proximal guidewire port 17 and generally 
xtends to the proximal end of the catheter body 
1. For ease of manufacturing, the third lumen 27 
nd the second inner lumen 1 6 are essentially the 5 
sme lumen with a plug 28 provided therein proxi- 
lally adjacent the proximal guidewire port 17. 
-referably the distal portion of the plug 28 Is in the 
•rm of a ramp 30 which can guide the guidewire 
0 into or out of the second inner lumen 16. The io 
all of the catheter body 11 defining the inner 
jmen 16 is provided with a slit 31 from the proxi- 
mal guidwire port 17 to a location proximal to the 
,roximal perfusion port 21 through port 1 7. 

The first inner lumen 13 is preferably provided 75 
ith a small diameter wire member 32 which pre- 
ents the retention of air bubbles at the corners of 
*»e D-shaped first lumen. The wire member 31 
.referably does not extend along essentially the 
ntire length of the inflation lumen 13. 20 

The various components of the catheter of the 
resent invention can be made from conventional 
materials. Catheter body 11 can be extruded or 
therwise formed from plastic resins such as poly- 
thylene and polyesters (e.g., Hytre!) and the bal- 25 
,on can be formed from polyethylene or polyethyi- 
ne terephthalate resins. The core 23 of the 
uidewire 20 can be made of stainless steel and 
' e coil 24 can be made of a more highly radiopaq- 

3 material such as platinum, tungsten, palladium, 30 
ithenium, rhenium and alloys thereof. A wide vari- 

y of other suitable materials can also be used for 
ese components. 

For coronary angioplasty procedures, the outer 
: ameter of the catheter body 11 proximal to the 35 
erfusion section can typically range from about 
035 to about 0.05 inch (0.89-1.30 mm.) and the 
erfusion section thereof can range from about 

04 to 0.06 inch (1.02-1.52 mm.). Inflatable balloon 
^ameters can range from about 1.5 to about 4.5 40 
•m. The stiffening element is a rod or wire prefer- 

<r >ly with a circular transverse cross-section rang- 
g in diameter from about 0.015 to about 0.025 
oh (0.38-0.64 mm.). The diameter of the 
uidewire lumen 1 6 in the perfusion section of the 45 
•itheter body 11 may vary from about 0.015 to 
; K>ut 0.045 inch (0.38-1.14 mm), but in the distal 
"> of the catheter it may range from about 0.015 to 
; ^out 0.025 inch "(0.38-0.64 mm). The overall 
ngth of the catheter body 1 1 from the distal tip to so 
; 9 adapter 14 may be about 130 to about 150 cm. 
">e aforesaid dimensions are believed to be suit- 
Ne for most coronary angioplasty procedures. An- 
aplasty procedures at other locations and cath- 
■>rs for other procedures (e. g., atherectomy pro- 55 
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scribed herein in terms of certain specifically pre- 
ferred embodiments specifically directed to coro- 
nary angioplasty procedures, various modifications 
and improvements can be made without departing 
from the scope of the invention. 

Claims 

1. An intravascular catheter for performing a vas- 
cular procedure within a patient's vascular sys- 
tem, comprising: 

a) an elongated catheter body having proxi- 
mal and distal ends and an expandable 
member proximally adjacent the distal end 
thereof and a relatively short inner lumen 
adapted to receive a guidewire which ex- 
tends between a distal guidewire port pro- 
vided in the distal end of the catheter body 
and a proximal guidewire port which is pro- 
vided in the catheter body and which is 
disposed at least 10 cm but not more than 
50 cm from the distal guidewire port; 

b) at least one proximal perfusion port lo- 
cated between the proximal guidewire port 
and the expandable member and at least 
one distal perfusion port located between 
the expandable member and the distal end 
of the catheter body, the perfusion ports 
being in fluid communication with the inner 
lumen adapted to receive a guidewire; and 

c) means to stiffen a portion of the catheter 
body proximal to the proximal guidewire 
port to provide the .catheter with improved 
pushability. 

2. The intravascular catheter of claim 1 wherein 
the expandable member is an inflatable, rela- 
tively inelastic balloon suitable for dilating a 
stenosis and wherein the balloon is formed 
from a plastic resin selected from the group 
consisting of polyethylene and polyethylene 
teraphthalate. 

3. The intravascular' catheter of claim 2 wherein 
the inflation lumen extends distally from the 
proximal end of the catheter body to the inte- 
rior of the balloon and wherein the proximal 
guidewire port is disposed about 12 to about 
40 cm from the distal guidewire port 

4. The intravascular catheter of claim 1 wherein 
• the means to stiffen the catheter body proximal 

to the proximal guidewire port is a rod tightly 
fitted within an inner lumen of the catheter 
body which extends from the proximal end 
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ntravascular catheter of claim 4 wherein 
Nation lumen has a D-shaped transverse 
-section and a thin wire extends within 
"-shaped inflation lumen to prevent the 
^on of air bubbles in a corner of the 5 
lumen. 

^avascular catheter of claim 1 wherein a 
-orovided in the wall of the catheter body 
-^g at least in part the second inner lumen w 

extends from the proximal guidewire 
"o a location proximal to the proximal 
"=ion ports. 

" ^avascular catheter of claim 1 wherein 75 
^=are about 6 to about 20 proximal perfu- 
"oorts in the catheter wall and wherein 
^3re about 4 to about 12 distal perfusion 
—provided in the catheter wall. 

20 

ocular catheter having an expandable 
~^Qr on the distal end thereof and a rela- 
"= short inner lumen therein extending in a 
— oortion of the catheter body between a 
guidewire port and a proximal guidewire 2s 
~"oout 10 to about 50 cm proximal from a 
-guidewire port and perfusion ports in the 
the catheter body in fluid communica- 

,; th the short inner lumen between the 
~- al guidewire port and the distal 30 
-^ire port in the distal end of the catheter 

^ vascular catheter being advanceable 
~* guidewire slidably disposed within the 
^=*»y short inner lumen; 35 

expandable member on the vascular 
^r being expandable to at least partially 
-■e a blood vessel at the location causing 
- to flow through the proximal perfusion 
~*nd the second inner lumen and out the 40 
Perfusion ports; 

=» expandable member being contractible 
-J'tate removal of the catheter from the 



*theter of claim 8 wherein the guidewire 
: -5*st partially removed from the portion of 
^ond inner lumen between the proximal 
~stal perfusion ports to avoid impeding 
- flow through the second inner lumen, 50 
•«ing done by holding the guidewire in 
-^ a first location outside of a patient and 
~^lly moving the catheter over the 
^ire until the proximal guidewire port 
^ is immediately adjacent said first hold- 55 
*ation;and 
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guidewire port of the catheter and then remov- 
ing the catheter from the guidewire. 

10. The catheter of claim 8 further having a sec- 
ond dilatation catheter having an expandable 
member on the distal end thereof and a rela- 
tively short inner lumen therein extending in a 
distal portion of the catheter body between a 
distal guidewire port and a proximal guidewire 
port about 10 to about 50 cm proximal from 
the distal guidewire port and perfusion ports in 
the wall of the catheter body in fluid commu- 
nication with the short inner lumen between the 
proximal guidewire port and the distal 
guidewire port in the distal end of the catheter 
body; wherein 

the second dilatation catheter is mounted 
onto the guidewire by passing the proximal 
end of the guidewire through the second 
lumen until a portion thereof extends out of the 
proximal guidewire port 

holding the portion of the guidewire ex- 
tending out of the proximal port of the catheter; 
and 

advancing the catheter over the guidewire 
into and through the vascular system of the 
patient until the catheter is positioned at a 
desired location therein. 
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